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(54) A Wireless telecommunications system architecture supporting receive diversity 



(57) A technique for achieving receive diversity with- 
out multiple antennas per cell is disclosed. An illustrative 
embodiment of the present invention comprises: a first 
antenna (501) for receiving a first information-bearing 
signal at a first radio frequency; a first downconverter 
(503) for downconverting the first information-bearing 



signal to a first intermediate frequency; a first transmitter 
(504) for transmitting the first information-bearing signal 
at the first intermediate frequency over a first wireline; 
means (303) for receiving the first information-bearing 
signal at the first intermediate frequency from the first 
wireline and for demodulating the first information-bear- 
ing signal. 
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Description 

Field of the Invention 

[0001] The present invention relates to telecommuni- 
cations in general, and, more particularly, to an archi- 
tecture for a wireless telecommunications system. 

Background of the Invention 

[0002] FIG. 1 depicts a schematic diagram of a portion 
of a typical wireless telecommunications system in the 
prior art., which system provides wireless telecommuni- 
cations service to a number of wireless terminals (e.g., 
wireless terminals 101-1 through 101-3) that are situat- 
ed within a geographic region. The heart of a typical 
wireless telecommunications system is Wireless 
Switching Center ("WSC") 120, which may also be 
known as a Mobile Switching Center ('MSC") or a Mo- 
bile Telephone Switching Office ("MTSO"). Typically, 
Wireless Switching Center 1 20 is connected to a plural- 
ity of base stations (e.g., base stations 103-1 through 
1 03-5) that are dispersed throughout the geographic ar- 
ea serviced by the system and to local and long-distance 
telephone and data networks (o.g., local-office 130, lo- 
cal-office 138 and toll-office 140). Wireless Switching 
Center 120 is responsible for, among other things, es- 
tablishing and maintaining calls between wireless termi- 
nals and between a wireless terminal and a wireline ter- 
minal (e.g., wireline terminal 150). which is connected 
to the system via the local and/or long-distance net- 
works. 

[0003] The geographic area serviced by a wireless 
telecommunications system is partitioned into a number 
of spatially distinct areas called "cells." As depicted in 
FIG. 1 . each cell is schematically represented by a hex- 
agon; in practice, however, each cell usually has an ir- 
regular shape that depends on the topography of the 
terrain serviced by the system. Typically, each cell con- 
tains a base station, which comprises the radios and an- 
tennas that the base station uses to communicate with 
the wireless terminals in that cell and also comprises the 
transmission equipment that the base station uses to 
communicate with Wireless Switching Center 120. 
[0004] For example, when wireless terminal 101-1 de- 
sires to communicate with wireless terminal 101-2, wire- 
less terminal 101-1 transmits the desired information to 
base station 1 03-1 , which relays the information to Wire- 
less Switching Center 120 via wireline 102-1. Upon re- 
ceipt of the information, and with the knowledge that it 
is intended for wireless terminal 101-2, Wireless Switch- 
ing Center 1 20 then returns the information back to base 
station 103-1 , which relays tho information, via radio, to 
wireless terminal 101-2. 

[0005] When wireless telecommunications system 
100 is a terrestrial system, in contrast to a satellite- 
based system, the quality and availability of service is 
subject to the idiosyncrasies of the terrain surrounding 



the system. For example, when the topography of the 
terrain is mountainous, or when buildings or trees are 
present, then signals transmitted by a wireless terminal 
can arrive at an antenna at the base station both directly 

5 and reflected off of objects in the vicinity of the base sta- 
tion. If two or more signals (e.g., one direct path signal 
and one or more reflected signals, two or more reflected 
signals, etc.) arrive at the antenna out of phase, then 
the signals can destructively interfere, which hinders the 

io base station's ability to acquire and process the signal. 
This phenomenon is known as multipath fading. Empir- 
ically, multipath fading is a highly localized phenomena 
such that if multipath fading occurs at one location, it is 
highly unlikely to occur at a location just a short distance 

15 away. 

[0006] FIG. 2 depicts a block diagram of a typical base 
station in the prior art, which typically contains two re- 
ceive antennas, Rx 1 and Rx^ that are configured to 
serve the same geographic area and to capture varia- 

20 tions of the same information-bearing signal. When the 
two antennas are positioned close to each other (e.g., 
within Vi wavelength of the information-bearing signal of 
each other), then it is likely that both antennas will cap- 
ture variations of the information-bearing signal that 

25 have a similar signal strongth. For example, if ono of tho 
antennas receives a variation of the information-bearing 
signal that is weak due to multipath fading, then it is likely 
that the other antenna will also receive a variation of the 
information-bearing signal that is weak. 

30 [0007] In contrast, if the two antennas are positioned 
far from each other (e.g., more than several wave- 
lengths of the information-bearing signal from each oth- 
er), then it is unlikely that both antennas will capture var- 
iations of the information-bearing signal that have a sim- 

05 iiar signal strength. In other words, it is unlikely that both 
antennas will, at the same time, capture variations of the 
information-bearing signal that are weak because of 
multipath fading. Therefore, it is for this reason that 
many base stations employ two or more receive anten- 

40 nas to ensure that at least one variation of the informa- 
tion-bearing signal is captured that is strong and avail- 
able for processing. The technique for employing N re- 
ceive antennas to provide robustness in receiving infor- 
mation-bearing signals is known as A/-way receive di- 

45 versity. 

[0008] When a base station employs A/-way receive 
diversity, the base station incorporates an apparatus 
known as a diversity combiner to combine the variations 
of the demodulated information-bearing signal to create 

50 an estimate of the information-bearing signal that is bet- 
ter than the estimate that could be made if only one an- 
tenna was used. As is well-known in the prior art, the 
diversity combiner can uso a variety of tochniqucs (o.g., 
traditional selection diversity, equal-gain combining di- 

55 versity, maximum-ratio combining diversity, etc.) to 
process the N variations of the information-bearing sig- " 
nals. 

[0009] The principal disadvantages of a base station 
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architecture that supports AAway receive diversity is that 
it substantially increases the cost and size of the base 
station by requiring N receive antennas, N radios for 
each information-bearing signal to be demodulated, and 
a diversity combiner in each base station. Furthermore, 
while the added cost is often justified in macrocellular 
systems in which a single base station services hun- 
dreds of wireless terminals, the added cost is typically 
prohibitive for indoor and microcellular systems. And still 
furthermore, the added radios and diversity combiner in 
each base station only adds to the amount of equipment 
that can break-down in a base station and require ex- 
pensive service calls. 

[0010] Therefore, the need exists for a wireless tele- 
communications system architecture that provides the 
robustness associated with A/-way receive diversity 
techniques without the costs and disadvantages asso- 
ciated with solutions in the prior art. 

Summary of the Invention 

[0011] The present invention is a wireless telecommu- 
nications system that provides the robustness associat- 
ed with AZ-way receive diversity without some of the 
costs and disadvantages associated with techniquos in 
the prior art. In particular, some embodiments of the 
present invention are capable of achieving the advan- 
tages of receive diversity with one receive antenna per 
cell, without multiple radios per cell and without a diver- 
sity combiner in each cell. This is advantageous be- 
cause it greatly reduces the cost and complexity of a 
wireless telecommunications system. 
[0012] Furthermore, some embodiments of the 
present invention are capable of allowing two or more 
receive antennas to share a single wireline, which can 
reduce the amount of cabling necessary to interconnect 
the various elements of the wireless telecommunica- 
tions system. 

[0013] And still furthermore, some embodiments of 
the present invention are capable of interconnecting the 
various elements of the system with inexpensive and 
easily-installed wireline (e.g., twisted-pair etc.) in con- 
trast to co-axial cabling. 

[0014] In an illustrative embodiment of the present in- 
vention, the functionality performed by multiple base 
stations in the prior art is performed by multiple, geo- 
graphically-dispersed radio heads and a shared, cen- 
tralized baseband unit. Typically, each radio head com- 
prises one receive antenna and the baseband unit com- 
prises the equipment for demodulating and diversity 
combining the various information-bearing signals re- 
ceived by the radio heads. 

[0015] Each radio head capturos all of tho radio-fro- 
quency information-bearing signals transmitted from the 
wireless terminals within a cell, downconyerts them to 
intermediate frequencies, without demodulating them, 
and transmits them to the baseband unit. The baseband 
unit channel decodes, demodulates, demultiplexes, and 



combines the information-bearing signals to produce 
the respective traffic channels. 

[0016] When a wireless terminal is located near a ra- 
dio head, the information-bearing signal from that wire- 
5 less terminal is typically received with sufficient power 
to be adequately received even if the receive antenna 
is in a fade when the signal is received. In contrast, when 
a wireless terminal is located near the boundary of a cell, 
the information-bearing signal from that wireless termi- 
10 nal is typically received by receive antennas at two or 
more adjacent radio heads. In this case, each radio 
head transmits its captured version of the information- 
bearing signal to the baseband unit, which having mul- 
tiple versions of the information-bearing signal is capa- 
15 ble of performs diversity combining on the versions. 
[0017] An illustrative embodiment of the present in- 
vention comprises: a first antenna for receiving a first 
information-bearing signal at a first radio frequency; a 
first downconverter for downconverting the first informa- 
nt? lion-bearing signal to a first intermediate frequency; a 
first transmitter for transmitting the first information- 
bearing signal at the first intermediate frequency over a 
first wireline; means for receiving the first information- 
bearing signal at the first intermediate frequency from 
25 the first wireline and for demodulating tho first informa- 
tion-bearing signal. 

Brief Description of the Drawings 

[0018] FIG. 1 depicts a schematic diagram of a wire- 
less telecommunications system in the prior art. 
[0019] FIG. 2 depicts a block diagram of a base sta- 
tion in the prior art that employs receive diversity. 
[0020] FIG. 3 depicts a schematic diagram of a wire- 
less telecommunications system in accordance with the 
illustrative embodiment of the present invention. 
[0021] FIG. 4 depicts a block diagram of a wireless 
telecommunications system in accordance with the il- 
lustrative embodiment of the present invention. 
[0022] FIG. 5 depicts a block diagram of a radio head 
in accordance with the wireless telecommunications 
system of FIG. 4. 

[0023] FIG. 6 depicts a block diagram of a first illus- 
trative baseband unit in accordance with the wireless 
telecommunications system of FIG. 4. 
[0024] FIG. 7 depicts a block diagram of a second il- 
lustrative baseband unit in accordance with the wireless 
telecommunications system of FIG. 4. 

SO Detailed Description 

[0025] FIG. 3 depicts a schematic diagram of the ar- 
chitecture of wireless telecommunications systom 300, 
which provides wireless telecommunications service to 
55 one or more wireless terminals (not shown). It will be 
clear to those skilled in the art that only those aspects 
of a wireless telecommunications system architecture 
concerning the "uplink" or "reverse" channels are de- 
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scribed in this disclosure. Those aspects of the archi- 
tecture concerning the "downlink" or "forward" channel 
are taught in commonly-assigned co-pending U.S. Pat- 
ent Application Serial No. 09/ , enti- 
tled "A Wireless Telecommunications System Architec- 
ture Supporting Block Radio Technology," filed Feb. 1 3, 
1998, which is incorporated by reference. 
[0026] The illustrative embodiment advantageously 
comprises a plurality of radio heads (e. g., 301-1 through 
301 -7) connected to baseband unit 303 via one of wire- 
lines 302-1, 302-2, and 302-3. In accordance with the 
illustrative embodiment, a radio head can be directly 
. connected to baseband unit 303 via a unique wireline 
or two or more radio heads can be connected to base- 
band unit 303 via a shared wireline. 
[0027] For the purpose of this specification, each 
wireless terminal transmits a traffic channel, which can 
include, for example : voice, data, multimedia, etc. In ac- 
cordance with some access schemes (e.g., FDMA, 
etc.), each traffic channel is uniquely carried by a radio- 
frequency information-bearing signal. In contrast, some 
access schemes (e.g., TDMA, etc.) allow multiple wire- 
less terminals to multiplex U traffic channels so as to 
create what is perceived by each radio head and base- 
band unit 303 as a single information-bearing signal that 
comprises £7 multiplexed traffic channels. 
[0028] Baseband unit 303 advantageously receives 
one or more information-bearing signals from each of 
wirelines 302-1. 302-2, and 302-3 and channel de- 
codes, demodulates, and demultiplexes each informa- 
tion-bearing signal in accordance with a particular air- 
interface standard (e.g., GSM, IS-54 TDMA. IS-95 CD- 
MA, etc.), in well-known fashion. 
[0029] Baseband unit 303 also performs diversity 
combination on the information-bearing signals, in well- 
known fashion. The details of baseband unit 303 will be 
discussed below. 

[0030] Each of radio heads 301 -1 through 301-6 ad- 
vantageously comprises: an antenna for capturing an 
information-bearing signal at a radio frequency, an am- 
plifier for amplifying the information-bearing signal, a 
downconverter for downconverting the information- 
bearing signal to an intermediate frequency and a trans- 
mitter for transmitting the information-bearing signal at 
an intermediate frequency over a wireline to baseband 
unit 303. The details of radio heads 301 -1 through 301 -6 
will be discussed below 

[0031] In accordance with the illustrative embodi- 
ment, each radio head provides wireless telecommuni- 
cations service to those wireless terminals in a geo- 
graphic region surrounding the radio head, which geo- 
graphic region is called a cell. As depicted in FIG. 3 each 
coll is schematically roproscntod by a circlo that is con- 
tered at a radio head; in practice, however, each cell has 
an irregular shape that depends on the topography and 
environment surrounding the radio head. 
[0032] Advantageously, the radio heads are posi- 
tioned so that adjacent cells overlap and so there are 



no interstices or gaps in coverage. For example, as 
shown in FIG. 3, the cell serviced by radio head 301-1 
overlaps the cells serviced by radio heads 301-2 and 
301-3. 

5 [0033] When a wireless terminal is located near a ra- 
dio head, the information-bearing signal from that wire- 
less terminal is typically received with sufficient power 
to be adequately received even if the receive antenna 
is in a fade when the signal is received. 
w [0034] In contrast, when a wireless terminal is located 
near the boundary of a cell, the information-bearing sig- 
nal from that wireless terminal is typically received by 
receive antennas at two or more adjacent radio heads. 
For example, an information-bearing signal from a wire- 
's less terminal that is located within the intersection of the 
cells that contain radio heads 301 -1 and 301 -2 will typ- 
ically be received by receive antennas at both radio 
heads 301-1 and 301-2. Although the antennas depict- 
ed in FIG. 3 are omni-directional, it will be clear to those 
skilled in the art how to make and use embodiments of 
the present invention that are directional. 
(0035] FIG. 4 depicts a block diagram of the illustra- 
tive embodiment of the present invention, which advan- 
tageously comprises: six radio heads (e.g., 301-1 
through 301-6) and basoband unit 303, interconnected 
with wirelines 302-1, 302-2 and 303-3 : as shown. Wire- 
lines 302-1, 302-2 and 303-3 are advantageously me- 
tallic twisted pair or any other cabling that is capable of 
carrying multiple intermediate frequency signals. It will 
be clear to those skilled in the art how to make and use 
embodiments of the present invention that have any 
number of radio heads that connected to baseband unit 
303 via any number of wirelines. 

[0036] It will be clear to those skilled in the art that 
baseband unit 303 can also comprise the equipment 
needed for supporting the downlink channels, and that 
wirelines 302-1 , 302-2 and 303-3 can also carry down- 
link signals, and that radio heads 301-1 through 301-6 
can comprise the equipment needed for transmitting the 
downlink signals. 

[0037] FIG. 5 depicts a block diagram of radio head 
301 -/in accordance with the illustrative embodiment of 
the present invention, which advantageously compris- 
es: antenna 501 , amplifier 502, downconverter 503, and 
transmitter 504, interconnected as shown. 
[0038] Antenna 501 advantageously services a first 
geographic region that is substantially, but not com- 
pletely, distinct from a second geographic region that is 
serviced by another antenna in another radio head. An- 
tenna 501 advantageously receives one or more infor- 
mation-bearing signals from the first geographic region 
and other spurious signals that might or might not be 
associated with the wirolcss telecommunications sys- 
tem. 

[0039] Amplifier 502 is advantageously a low-noise 
amplifier that increases the signal strength of each in- 
formation-bearing signals, in well-known fashion. 
[0040] Downconverter 503 advantageously down- 
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converts each information-bearing signal to an interme- 
diate frequency such that each information-bearing sig- 
nal from each radio head can be transmitted via a wire- 
line. When two or more radio heads share a wireline, 
downconverter 503 advantageously downconverts 
each information-bearing signal to an intermediate fre- 
quency so that each information-bearing signal can be 
frequency-division multiplexed over the shared wireline 
to baseband unit 303. As is well known to those skilled 
in the art, downconverter 503 can be fabricated from, 
for example, a mixer, a local oscillator, and a bandpass 
filter. 

[0041] Transmitter 504 advantageously transmits 
each intermediate-frequency information-bearing signal 
over the wireline connecting radio head 301-/ to base- 
band unit 303. When two or more radio heads share a 
wireline, transmitter 504 advantageously frequency-di- 
vision multiplexes the intermediate-frequency informa- 
tion-bearing signals from the respective radios heads on 
the shared wireline so thai Ihey can be demultiplexed 
by baseband unit 303. It will be clear to those skilled in 
the art how to make and use transmitter 504. 
[0042] FIG. 6 depicts a block diagram of a first illus- 
trative baseband unit 303 in accordance with the illus- 
trative embodiment of tho prosent invention. Baseband 
unit 303 advantageously comprises: receivers 601-1 
through 601 -3. filters 602-2 through 602-5, analog-to- 
digital converters 603-1 through 603-6, channelizers 
604-1 through 604-6. and KxA/xUchannel diversity com- 
biner 605, interconnected as shown. 
[0043] Baseband unit 303 advantageously receives 
up to K information-bearing signals from each of up to 
N radio heads (for a maximum of KxN in format ion -bear- 
ing signals), wherein each information-bearing signal is 
multiplexed in accordance with an air-interface standard 
to comprise U distinct traffic channels (for a maximum 
of N versions of KxU traffic channels). Baseband unit 
303 advantageously channel decodes, demodulates, 
and demultiplexes each of the K information-bearing 
signal, in well-known fashion, and also performs up to 
A/-way diversity combination on the up to N variations of 
the KxU demodulated traffic channels to create better 
estimates of the KxU traffic channels. 
[0044] Receivers 601-1 through 601-3 provide a ter- 
mination of wirelines 302-1 through 302-3 and provide 
the intermediate-frequency information-bearing signals 
on those wirelines to either an analog-to-digital conven- 
er or to a filter. 

[0045] Because the illustrative embodiment in FIGs. 
3 and 4 comprises six radio heads, four of which share 
wireline 302-2 : baseband unit 303 advantageously com- 
prises the circuitry necessary to demultiplex the inter- 
modiato-frcquoncy information-bearing signals multi- 
plexed onto wireline 302-2 from those radio heads. It will 
be clear to those skilled in the art how to make and use 
baseband unit 303 to support any number of radio heads 
and any number of wirelines. 

[0046] For example, because radio heads 301-2 



through 301-5 frequency-division multiplex their respec- 
tive information-bearing signals to form a composite sig- 
nal on wireline 302-2. wireline 302-2 is fed into band- 
pass filters 602-2 through 602-5, which are advanta- 

5 geously designed to demultiplex the intermediate-fre- 
quency information-bearing signals on wireline 302-1 . 
For example, only those intermediate signals from radio 
head 301-/ pass through filter 602-/. Because radio 
heads 301-1 and 301-6 are connected directly to base- 

io band unit 303, each can be fed directly into an analog- 
to-digital converter. 

[0047] Although the illustrative embodiment compris- 
es 6 radio heads using 3 different wirelines, it will be 
clear to those skilled in the art how to make and use 

is embodiments of the present invention that comprise a 
different number of radio heads and a different number 
of wirelines. It will also be clear to those skilled in the art 
that each frequency-division multiplexed signal needs 
to be isolated by a bandpass filter and it will be clear to 

20 those skilled in the art how to make and use those filters. 
[0048] Analog-to-digital converters 603-1 through 
603-6 each digitize an intermediate-frequency informa- 
tion-bearing signal with the appropriate dynamic range 
and sampling rate to adequately capture the signals of 

2S interest. It will bo clear to thoso skilled in tho art how to 
make and use analog-to-digital converters 603-1 
through 603-6. 

[0049] Each of channelizers 604-1 through 604-6 is 
responsible for channel decoding and demodulating up 

30 to /Cintermediate-frequency information-bearing signals 
and for demultiplexing each information-bearing signal 
to provide estimates of up to KxU distinct traffic channels 
to KxNxU channel diversity combiner 605. It will be clear 
to those skilled in the art how to make and use chan- 

35 netizers 607-1 through 607-6. 

[0050] KxA/xL/channel diversity combiner 605 advan- 
tageously receives up to KxU estimates of the distinct 
traffic channels from N channelizers and performs /V- 
way diversity combining, using well-known diversity 
combining techniques, to produce a better estimate of 
the KxU distinct traffic channels. It will be clear to those 
skilled in the art how to make and use KxNxU channel 
diversity combiner 605. 

[0051] FIG. 7 depicts a block diagram of a second il- 
45 lustrative baseband unit 303, which provides the same 
functionality as the first illustrative baseband unit 303, 
but with block radio technology. Baseband unit 303 in 
FIG. 7 advantageously comprises: receivers 701-1 
through 701-3, analog-to-digital converter 703-1 
so through 703-3, and KxNxU channel block radio 705, in- 
terconnected as shown. 

[0052] Receivers 701-1 through 701-3 provide a ter- 
mination of wirelines 302-1 through 302-3, rospoctivoly, 
and provide the intermediate-frequency information- 
's bearing signals on those wirelines to analog-to-digital 
converters 703-1 through 703-3, respectively. 
[0053] Analog-to-digital converters 703-1 through 
703-3 each digitize all of the intermediate-frequency in- 
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formation -bearing signals from a single wireline with the 
appropriate dynamic range and sampling rate to ade- 
quately capture the signals of interest. It will be clear to 
those skilled in the art how to make and use analog-to- 
digital converters 703-1 through 703-3. 
[0054] Block radio 705 is advantageously a digital sig- 
nal processor that is programmed to receive the digi- 
tized signals from analog-to-digital converters 703-1 
through 703-3 and to produce KxU traffic channels, us- 
ing digital signal processing techniques. 
[0055] Block radio 705 performs the same functional- 
ity as one or more traditional radios, but has several 
characteristics that are different than traditional radios. 
First, a traditional radio processes a single information- 
bearing signal. In contrast, a block radio is generally ca- 
pable ol processing a plurality of information-bearing 
signals simultaneously. 

[0056] Second, a traditional radio is fabricated from 
radio-frequency components {e.g., capacitors, induc- 
tors, oscillators, ere.; and the processing of the informa- 
tion-bearing signal is performed by, and is largely de- 
fined by, the electrical characteristics of the compo- 
nents. In contrast, a block radio principally comprises a 
digital signal processor and the processing of the infor- 
mation-boaring signals is defined by software and soft- 
ware parameters. 

[0057] Third, a change in the characteristics of a in- 
formation-bearing signal (e.g., modulation scheme, 
bandwidth, etc.) can be implemented in a traditional ra- 
dio by changing one or more of the radio-frequency 
components. In contrast, a change in the characteristics 
of a information-bearing signal can be implemented in 
a block radio by changing software and/or software pa- 
rameters controlling the block radio. This enables a 
block radio to be re-defined and upgraded remotely via 
a telecommunications link. 

[0058] Fourth, a block radio is generally less expen- 
sive than multiple traditional radios of comparable qual- 
ity and processing power. 

[0059] And fifth, because a block radio processes a 
plurality of information-bearing signals, it is capable of 
performing inter-information-bearing signal processing 
(e.g., diversity combining, beamforming, adjacent chan- 
nel interference reduction, etc.) that a traditional radio, 
which sees only one information-bearing signal, is inca- 
pable of performing. 

[0060] Block radio 705 advantageously: (1 ) frequen- 
cy-division demultiplexes each intermediate-frequency 
information-bearing signal from a shared wireline, (2) 
channel decodes and demodulates up to K intermedi- 
ate-frequency information-bearing signals, (3) demulti- 
plexes each information -bearing signal to provide esti- 
mates of up to KxU distinct traffic channols, and (4) por- 
forms N-way diversity combining, using well-known di- 
versity combining techniques, to produce a better esti- 
mate of the KxU distinct traffic channels. It will be clear 
to those skilled in the art how to make and use block 
radio 705. 



[0061] It is to be understood that the above-described 
embodiments are merely illustrative of the invention and 
that many variations may be devised by those skilled in 
the art without departing from the scope of the invention. 
5 It is therefore intended that such variations be included 
within the scope of the following claims and their equiv- 
alents. 



1. An apparatus comprising: 

a first antenna for receiving a first information- 
15 bearing signal at a first radio frequency; 

a first downconverter for downconverting said 
first information-bearing signal to a first inter- 
mediate frequency; 

20 

a first transmitter for transmitting said first infor- 
mation-bearing signal at said first intermediate 
frequency over a first wireline; 

25 moans for rocoiving said first information-bear- 

ing signal at said first intermediate frequency 
from said first wireline and for demodulating 
said first information-bearing signal. 



infor- 
d fre- 



a second downconverter for downconverting 
said second information-bearing signal to a 
second intermediate frequency; 

40 a second transmitter for transmitting said sec- 

ond information-bearing signal at said second 
intermediate frequency over said first wireline; 

means for receiving said second information- 
's bearing signal at said second intermediate fre- 
quency from said first wireline and for demod- 
ulating said second information-bearing signal. 



3. The apparatus of claim 2 wherein said first trans- 
50 mitter and second transmitter frequency-division 

multiplex said first information-bearing signal at 
said first intermediate frequency and said second 
information-boaring signal at said second intormo- 
diate frequency over said first wireline. 

55 

4. The apparatus of claim 1 further comprising: 

a second antenna for receiving a second infor- 
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30 2. The apparatus of claim 1 further comprising: 

a second antenna for receiving a second 
mation-bearing signal at a second radic 
quency; 
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mation-bearing signal at a second radio fre- 
quency; 

a second downconverter for downconverting 
said second information-bearing signal to a $ 
second intermediate frequency; 

a second transmitter for transmitting said sec- 
ond information-bearing signal at said second 
intermediate frequency over a second wireline; io 

means for receiving said second information- 
bearing signal at said second intermediate fre- 
quency from said first second and for demodu- 
lating said second information-bearing signal. 15 

5. The apparatus of claim 2 or 4 further comprising 
means for diversity combining said first information- 
bearing signal and said second information bearing 
signal. 20 

6. A method comprising: 

receiving a first information-bearing signal at a 
first radio frequency with a first antenna; 25 

downconverting said first information-bearing 
signal to a first intermediate frequency with a 
first downconverter; 

30 

transmitting said first information-bearing sig- 
nal at said first intermediate frequency over a 
first wireline: 



demodulating said second information-bearing 
signal. 

8. The method of claim 7 further comprising frequen- 
cy-division multiplexing said first information-bear- 
ing signal at said first intermediate frequency and 
said second information-bearing signal at said sec- 
ond intermediate frequency over said first wireline. 

9. The method of claim 6 further comprising: 

receiving a second information-bearing signal 
at a second radio frequency with a second an- 
tenna; 

downconverting said second information-bear- 
ing signal to a second intermediate frequency 
with a second downconverter; 

transmitting said second information-bearing 
signal at said second intermediate frequency 
over a second wireline; 

receiving said second information-bearing sig- 
nal at said second intermediate frequency from 
said second wireline; and 

demodulating said second information-bearing 
signal. 

1 0. The method of claim 7 or 9 further comprising diver- 
sity combining said first information-bearing signal 
and said second information bearing signal. 



receiving said first information-bearing signal at 35 
said first intermediate frequency from said first 
wireline; and 

demodulating said first information-bearing sig- 
nal. 40 

7. The method of claim 6 further comprising: 

receiving a second information-bearing signal 

at a second radio frequency with a second an- 4 $ 

tenna; 

downconverting said second information-bear-, 
ing signal to a second intermediate frequency 
with a second downconverter; so 

transmitting said second information-bearing 
signal at said second intormodiato frequency 
over said first wireline; 

55 

receiving said second information-bearing sig- 
nal at said second intermediate frequency from 
said first wireline; and 



11. An apparatus comprising: 

(1) a first antenna head comprising: 

(a) a first antenna for receiving a first infor- 
mation-bearing signal at a first radio fre- 
quency, 

(b) a first downconverter for downconvert- 
ing said first information-bearing signal to 
a first intermediate frequency, and 

(c) a first transmitter for transmitting said 
first information-bearing signal at said first 
intermediate frequency over a first wireline; 

(2) a baseband unit comprising: 

(a) moans for receiving said first informa- 
tion-bearing signal at said first intermediate 
frequency from said first wireline, and 

(b) means for demodulating said first infor- 
mation-bearing signal. 
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12. The apparatus of claim 11 further comprising: 

(3) a second antenna head comprising: 

(a) a second antenna for receiving a sec- 
ond information-bearing signal at a second 
radio frequency, 

(b) a second downconverter for downcon- 
verting said second information-bearing 
signal to a second intermediate frequency, 
and 

(c) a second transmitter for transmitting 
said second information-bearing signal at 
said second intermediate frequency over 
said first wireline; 

wherein said (2) baseband unit further compris- 
es: 

(c) means for receiving said second infor- 
mation-bearing signal at said second inter- 
mediate frequency from said first wireline, 
and 

(d) means for demodulating said second 
information-bearing signal. 

13. An apparatus comprising: 

a first antenna at a first radio head for receiving 
a first information-bearing signal at a first radio 
frequency; 

a first downconverter for downconverting said 
first information-bearing signal to a first inter- 
mediate frequency; 

a first transmitter at said first radio head for 
transmitting said first information-bearing sig- 
nal at said first intermediate frequency over a 
first wireline; 

a second antenna at a second radio head for 
receiving a second information-bearing signal 
at a second radio frequency; 

a second downconverter for downconverting 
said second information-bearing signal to a 
second intermediate frequency; 

a second transmitter at said second radio head 
for transmitting said second information-bear- 
ing signal at said second intermediate frequen- 
cy over said first wireline; 



14. 



w 



15 



ing signal and said second information-bearing 
signal from said first wireline; and 

means for diversity combining said first infor- 
mation-bearing signal and said second infor- 
mation-bearing signal. 

The apparatus of claim 13 further comprising 
means for isolating said first information-bearing 
signal from said second information-bearing signal. 
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15. A method comprising: 

receiving a first information-bearing signal at a 
first radio frequency with a first antenna at a first 
radio head; 

downconverting said first information-bearing 
signal to a first intermediate frequency; 

transmitting said first information-bearing sig- 
nal at said first intermediate frequency over a 
first wireline; 

receiving a second information-bearing signal 
at a second radio frequency with a second an- 
tenna at a second radio head; 

downconverting said second information-bear- 
ing signal to a second intermediate frequency; 

transmitting said second information-bearing 
signal at said second intermediate frequency 
over said first wireline; 

receiving said first information-bearing signal 
and said second information-bearing signal 
from said first wireline; and 

diversity combining said first information-bear- 
ing signal and said second information-bearing 
signal. 

1 6. The method of claim 1 5 further comprising isolating 
said first information-bearing signal from said sec- 
ond information-bearing signal. 



means for receiving said first information-bear- 
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FIG. 6 
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